Absfracf-With the increasing of micro parts, much attention has been paid to development of micro devices, which can handle those micro parts. We present a novel wireless microrohot based on the deformation of piezoelectric. The microrobot can fulfill both long distance transport and precise positioning. With three drive units arranged at apexes of an equilateral triangle, omnidirectional motion can be achieved. The author mainly discusser its driving principle and wireless control strategies.
I. INTRODUCTION
three-legged wireless miniature robot named Nanowalker, using the bending of piezo-tubes to actuate the robot.
We have proposed a novel wireless microrobot based on deformation of piezoelectric elements. In contrast to existing mobile micro mechanisms, rolling frictional force instead of sliding friction force actuates the microrobot. The microrobot bas a resolution about 20 nanometer and theoretically unlimited displacement, as well as good flexibility.
The paper is arranged as follows: in section 2, the driving principle is proposed. Section 3 describes the control system.
In section 4, some experimental results are given to identify the effects of related parameters to the motion. The last section concludes the paper.
DRIVING PRINCIPLE
Due to its characteristics of high efficiency, compact volume, quick response, high load capacity and high resolution, piezoelectric element is often preferable for precise positioning. The microrobot we designed is based on three piezo-driven units acting as the legs of the robot, which can transform the vertical deformation of the PZT to the horizontal motion of the robot. Each unit consists of two PZTs, a beam, and a contact element. TO-tl, PZT 1 extends, and PZT 2 contracts, the sphere roll on the plane;
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TI-(2, PZT 1 and PZT 2 both contract, the mass cg rising, the sphere lifts up.
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T2-t3, PZT 1 contracts, PZT 2 extends, the sphere changes its pose while descending, and prepares for the next roll.
By repeating these phases, continuous stepping movement in X direction can he obtained (see Fig.1 ). Fig. 2 is the voltage applied on the two PZTs of each unit. During each cycle, the magnitude of voltages for PZT 1 and PZT 2 are same, while the electrodes are opposite (except 1142 period). It should be emphasized that in order to achieve an adjustment of pose in the air (the whole platform is suspended), the drive voltage must be high enough, meanwhile the time must be very short, or else the robot will swing at the original point. When three units are arranged at equilateral triangular locations, through controlling the applied voltages on the PZT, the robot can achieve translation in arbitrary direction and a rotation around its center on the plane. The movable range is infinite in principle. The prototype of microrobot mainly concludes four parts, viz. platform, piezo actuator, beam and contact element, and the last three form a drive unit, as shown in Fig. 3 . Since the piezo-stepper consists of many drive units, it is not easy to reduce the size and weight. Our microrobot is simple in structure, for only three units are involved. Moreover, waveform of drive voltage is much simpler. These characters make it more flexible and easier to be miniaturized.
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CONTROL SYSTEM
From basic experiments we found that for micro moving robot, even the' tiniest wires, for instance, wires 10Fm in diameter, are too stiff and too heavy for them to tow. Because the length of wire which micro platform has to tow becomes very long compared to body length of micro platform. In addition, they have to tow not one wire but some wires. In most cases, micro moving robots have to cooperate with some other micro moving robots; the wires are likely to tangle, which reduce their flexihilities.
In order to get rid of the effects of wires and enhance the flexibility of the robot, we built a wireless teleoperated robotic system.
A. Strircture of control system
The control system for the wireless microrobot is composed of three levels: user level, control level, and actuator level (see 
B. Gait design
The motion of the micro platform depends on the actions of the three legs. For the micro platform, two gaits are designed, viz. jumping mode and altemating mode. The first means that all the units lift up and recover themselves simultaneously, while the second means all units contact with the base plate altemately. As shown in Fig.5, (a) is jumping mode, all three legs are synchronous, while in (b), there are phase delay among legs (in (b) the phase delay for leg2 and leg3 are 0.3 and 0.7 cycle respectively). In the alternative mode, two legs can act in the same phase to actuate the platform, just like as active wheels of a car. The third leg, act as a passive wheel, withdraws and suspends in the air during the first two legs rolling on the base plate, and support on the base while they recovering themselves. Because all units roll on the base plate at the same time, the driving force in the jumping mode is larger than that in the altemating mode. Furthermore, due to the velocity of each leg is always along the tangential direction, in the altemating mode, the motion of the platform will be limited to certain directions. (Fig.6) , so that the impact to the base plate is eliminated and the stability of the platform is enhanced. It should be noted that due to the voltage is only half of Vmax during the rolling phase, the working efficiency for power is relatively low.
To overcome the drawbacks of triangle wave, we designed 
IV. EXPERIMENTAL RESULTS
Based on above-mentioned driving principle, we firstly built up two wired prototypes, the smaller one is ahout 35*35*25mm. Then, to get rid of e&% of wires, a wireless microrobot system is built (see Fig. 8 ) with all the electronics, battery and power integrated on board.
To identify the characteristics of the wireless microrobot, we implement some experiments, and Fig. 8 is photo of the experimental system. Capacitance sensor is used to detect the displacement of the microrobot, Fig.9 is the step size of the robot under different maximum drive voltages ( namely SOV, IOOV and 130V respectively).
The result shows that mean step size increase with drive Fig. 9 Step s h e under different voltage Fig.10 shows the cuwe of velocity vs. payload, namely empty load, 50g and I03g. Obviously the increase of load decelerates the motion. Fig.11 is the curve of velocity to frequency. The results show: below resonant frequency, the increase of the drive frequency accelerates the motion, while it reverses above that frequency. This is because the given time is so short that the PZT cannot extend or withdraw fully. We also investigate the effects of different work surfaces to the robot, including silicon, glass, and steel, as shown in Fig. 12 . Experiments demonstrate the microrobot moves faster with reduced frictional force.
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V. CONCLUSIONS
In the paper, a novel omnidirectional wireless microrobot is 
